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The effect of drought stress on the dry matter production , growth rate and biomass allocation of Anthephora 
pubescens Nees was examined at three phenological stages, Le. vegetative stage (P1), initiation of reproduction (P2) 
and late reproductive stage (P3). Relative to control plants, total dry mass of P1 , P2 and P3 plants, harvested after an 
8-day post-stress recovery period , was reduced by 78%, 60% and 35% respectively. However, at the end of the 
growing season, there were no differences (P> 0.05) in to tal dry matter accumulation between stressed and non-
stressed plants. This recovery of A. pubescens can possibly be explained by the phenotypic plastici ty in leaf allocation 
in stages P1 and P2, and by the increase in the leaf area ratio 01 P1 and P2 plants, following drought stress. 
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Int roducti on 
Alllllcp/wra pllbescens Nees is a drought-tolerant species which 
is widdy advocated fo r use in pasture production systems in the 
seoll-arid to arid regiuns of southern Africa (Donaldson er al. 
1972; fllurie el at. 1')X4; Du Pisani el a1. i9X() ; Fourit: el al. 
It)X7; Dan nhauser 1991 ). 
In geneml. water delicits reduce plant production (Begg & 
Turner 1 !)76; Turner & Begg 1978). The degree of reduc tion 
depends largely on the season when drought stress occurs and the 
duration and frequency of the stress I~riods (Alcocer-Rulhi ing et 
al. ttnN). It also depends on the phenological stage of the p lant 
at the tim e of drought stn.:ss (Alcm:er-Ruthl ing et al. 1989; 
Siding el af. JlYJ4). 
Grnwth analysis is the first step in tht'! analysis of primary pro-
duction and is a useful tool to eX,illline the dfect of different 
cIl Vi r0111l1Cntai conditions un primary production (K"ct el af. 
197 1; Causlon & Venus 19S 1; lIunt 1<JH2, 1990). Biomass allo-
cation refers to the proportion of total biomass stored in cacb 
organ (Harper & Ogden 1970). The biomass allocation pattcrn 
adopted by a species is determined by its genotype (Fenner 1985) 
and is reli ned through the process of natural selection to improve 
its chances of survival (Barbour el al. 1980; Gross el al. 19X3; 
Bazzaz & Reekie 1985 ; Reekie & Banaz 1987). 
The ,lim of this study was to examine the effect of drought 
stress, imposed at different pht.mological stages, on the dry mat-
ter production, growth rate and biomass allocation pattern of A. 
pubescens. 
Methods 
The expenment was cllnducted in a greenhouse at the Range and 
rorage InstItute from December 1990 to June 199 1. The mean mini-
mum and maximum temperatures in the greenhouse for tbat period 
were 18°C and 30°C res pect ively and relative humidity ranged from 
41 % to 58%. A detailed description of the seed source, so Ll type and 
general expcnmcnL."111ayout is provided in Moolman et aI. (19%). 
Plants of Ilnthephora pubescens, ecotype VH20, were grown from 
seed in pOLS with a volume of 5 500 em], ftlled wtth a IS-mm layer 
of gr~\lcl and topped with a sand y loam soil. Plan ts were grown at a 
density of one per pot and four replicates were used per treatment , 
The amount of water held by the soi l in the pot at field capacity 
(termed 'pal wate r capacity') was determined gravimetflcally 
(Graven 1(68). Pots were weighed every second day and the amount 
of water needed to obt,lin a mass cnrrespomling to 85% of pot water 
capacIty was added. 
Drought stress was imposed at three pheno logical stages, i.e. 
PI : vegetative stage (6 weeks after germ ination) ; P2: init iation of 
reproduction (8 weeks after germination); and P3 : late reproduc-
tive stage (11 weeks after germination). Two additional drought-
stress treatments werc applied 2 weeks after germination on-
wards. i.e. 2 weeks drought stress, alternated with 1.5 weeks of 
water ing (AI ) and two weeks drought stress, alternated with 2.5 
weeks of watering (A2). 
Control plants received water every second day for thl;! dura-
tion of the experiment. Drought stress was mduced by withhold-
ing water from plants for 15 days. The leng th of this period was 
prede termmed as the time needed to reduce the soil water poten-
tial 10 -I 500 kPa (permanent wilt ing point) , at which stage the 
soi l water content was 3.3% (mlm ). 
Four plants of treatments PI, P2 and P3, and their respec tive 
controls were harvested j ust prior to thc water-stress period bein ~ 
implemented, after an 8-day post-stress recovery period, as weI. 
liS al 18 weeks and 21 weeks after germinat ion. Plants of the Ai 
and A2 treatments were harvested o nly at 18 and 21 weeks afte[ 
germination. At each harvest, the plant ma terial was divided into 
laminae, tillers (including the leaf sheath), inflorescences (inclu-
ding the peduncle), and roots. Leaf area was measured with a 
I.iCor 3100 Jeaf area meter (Lienr, Lincoln, Nebraska 68504, 
USA). 
The dry mass of each plant component was used to de termine 
dry matter production of the whole plant and the biomass alloca-
tion patterns of tiJJers, laminac, reproduct ive structures and roots. 
The biomass allocation of a specific plant component was 
obtained by expressing its dry mass as a percen tage of the plant 's 
lotal dry mass . Relative growth rates (R) and leaf area ratios 
(LAR) wcre also dctcnnined. Relative growtb rates of the indi¥ 
vidual plant components were a lso calculated, i. c. that of the till-
ers (R t ) , leaf laminae (R]) and the roots (Rr)' Thc fomtulae used 
for the calcu1atjolls were based on those of Kvet el al. (197 1), 
Couston & Venus ( 198 I), Coombs el al. (1985) and Hunt ( 1990). 
An analysis of variance (ANOYA) was donc by means of the 
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program Gcnstat 5 Edition 3 .1 (1987, Lawes Agricultural Trust, 
Rot hamstead Experimental Station). The LSDrUkey (Sakal & 
Rohlf 1982) was computed to compare the values at a level of 
P < 0 .05 (**) and l' < 0.01 (***) . Where appropriate the LSD 
values arc ind icated in the Figures. 
Results 
Dry matter production 
The total dry mass of Pl. P2 and P3 plants wa~ less (I' < 0,(5) 
than that of their respective contro ls (Figure I) . A t s tage P I. the 
dry mass of the tillers and laminae of stressed plants was less 
(P < 0.01) than that o f control plants. whereas there was no sig-
nificant diffe rence (P> 0.05) in rool d ry mass. At stages P2 and 
P3, these relationships were reversed (Figu re 1, caption). The dry 
mass or the reproductive components of the plants stressed at all 
three phenolog ical stages (Figure 1) was lower (P < 0.05) than 
that of control plants. 
When drough t stress was applied during the vegetative stage 
(PI) of A. pubescens, the stressed plant's total dry mass was 
decreased by as much as 78%, whereas those stressed at the onset 
of reproduct io n (P2) s howed a reduction of 60%, and those 
stressed in their late reproductive stage (P3) showed a reduction 
of only 3570. 
At 18 weeks after germination. the total dry mass o f on ly the 
P3 and Al stressed plants was still significantly lower than that 
of control plants (Figure 2). However. the dry mass of the repro· 
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Figure 1 Average dry mass of plants water st ressed at three pheno-
logical s tages (1'1: vegetative stage, P2: initiation of reproduction, 
and P3: latc reproductive stage), with their respective controls (ptC , 
P2C anti P3C) . 'Ole plants were harvested after an 8-day recovery 
period. 
Treatment 
Plant compone nl PI P2 P3 
Reproductive struc tures ••• •• •• 
Laminae ••• 
TiJIers & lcafshcaths ... 
Routs •• •• 
Above-ground parts ••• 
Total plant •• •• •• 
**Diffcrs significantly (P < 0.05) from control ptants 
***Differs highly significantly (P < 0.01) from control plants 
• No significant differences 
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ductive structures of PI , P3, Al and A2 drought-stressed plants 
was lower than that of control plants (Figure 2). In none o f the 
treatments could a difference in the dry mass of the roots be 
found . 
At 21 weeks after gemlination there were no s ignifica nt differ· 
ences in the total dry mass production between any of the 
drought-stress treatments and that of the con traI (Figure 3). How· 
ever, the reproductive dry mass of the plants which were repea t· 
edly drought stressed (AI and A2) was lower (P < 0.05) than thaI 
of control plants (Pigure 3). 
Relative growth rate 
The relati ve growth rate (R) of plants stressc!d at stage PI 
(-0.0022 g g.1 day· l) and P2 (0.0445 g g.1 day·l) was significantly 
lower (P < 0.05) than that of their respective controls (PI C = 
0.0643 g g.1 day-I; P2C;;;; 0.0815 g g-1 day- I), whe reas there was 
no Significant difference in R between strl.!ssed and unstressed 
plants at stage P3 (Table 1). The redUction in R of stressed plants 
at stage PI was due to reductions in the rda tive growth rates of 
the lillers , laminae and roots. At stage Pl. only the relative 
growth ratc of the roots (Table 1) was reduced (P < 0'()5) com· 
pared with the control. 
Leaf area ra tio (LAR) 
The leaf area ratio of a plant characterises the relativc size of its 
assimilatory organs, and therefore it expresses the efficiency of 
the plant as. a producer of lea f area (Coombs el al. 1985). It can 
be used to indicate differences between plants on the basis of 
genetic fa ctors. the environment , or d ifferent treatments (Kvet et 
ai. 1971). The leaf area ratio of PI (56 .3 crn 2 g.J ) and P2 plants 
(47.6 cm2 g.l) was higher than that of their corresponding can· 
trots (P IC = 29.6 em' g.l ; P2C = 30.8 em' g"), whereas Ihe LAR 
of P3 plants was not affected by drought stress (Figure 4). Therc-
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Figure 2 Average dry ma~s, 18 weeks after germinalion, of plants 
subjected to different watcr·stress treatments (C: control , PI ; 
st ressed at the vegetallve stage, P2: stressed at the onset of rep roduc-
tion. P3 : stressed at the latc reproductive stage; Al : 2 weeks water 
stress alte rnated with 1.5 weeks o f watering; and A2: 2 weeks water 
st ress alternated with 2.5 weeks of watering. 
Plant component 
Reproductive structures 
Above-ground parts 
Total plant 
LSD-r""y (P < 0.05) 
5.96 
11.53 
16.61 
S. Mr. 1. !lot., I ~96, 62(1) 
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Figure 3 Average dry mass , 21 weeks after germination, of plants 
subjected to different water-s tress treatments (C: control, PI: 
stressed nl the vegetative stage, P2: stressed at the onset of reproduc-
tion , P3: st ressed at the late reproductive stage; AI: 2 weeks water 
stress alternated with \.5 weeks of watering: and A2: 2 weeks water 
stress alternated with 2 .5 weeks of watering. 
Plant component LSDTOkC)' (P < 0.05) 
Reproductive .~truclurcs 6.58 
fore, when A. pllbescens is stressed at the vegetative stage (PI) or 
at the onset of reproduction (P2), the effic iency of the plants to 
produce leaf area is increased . However, 18 weeks after germina-
tion the differences in LAR between the various treatment were 
no longer significant. 
Biomass allocation 
Biomass allocation of plan ts from which wa lcr was wi thheld at 
the three phenological stages is given in Figure 5. Drought stress, 
induced at stages PI and P2, resu lted in a significant increase in 
leaf allocat ion. Although leaf allocation of these drought-
stressed plants was higher than that of control plants, the amount 
of available matcrial was less on the stressed individuals. For 
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Figure 4 Thc leaf arca ratio of plants watcr stressed at three phe-
no logica l s tages (P I: vegetat ive stage, P2: in itiatIon of reproduction. 
and P3: late reproductive stage). with their respective controls (P IC, 
P2C and P3C). 
Table 1 The relative growth rates of (a) the 
entire plant (R), (b) laminae (R,). (c) ti llers 
including the leaf sheaths (RI ). (d) above-
ground parts (R,). and (e) roots (R,). of plants 
water stressed at three phenological stages 
(P1: vegetative stage, P2: initiation of repro-
duction, and P3: late reproductive stage), with 
their respective controls 
Stage PI 
R 
RI 
R, 
R, 
R, 
Stage P2 
R 
HI 
R, 
H, 
R, 
Stage P3 
R 
RI 
R, 
R, 
H, 
Control 
0.0643 ~ 0.014 
0.0623 ~ 0.01 ~ 
0.0717 ± 0.023 
0.0773 ~ 0.022 
0.0518::t 0.012 
0.08 15 ~ 0.013 
0.0771 ~ 0.01 6 
0.0885 ± 0.020 
0.0920 ~ 0.019 
0.07 18 ± 0.010 
0.0184 ~ 0.017 
0.0009" 0.014 
0.0251 ± 0.014 
0.0259 ± 0.018 
0.0060 ± 0.016 
Water stress 
--0.0022 ± 0.021 '" 
0.0091 ~ 0.025' 
0.0076 ± 0.021 '" 
0.0133 ~0.02 I' 
- 0.0167 ± 0.022' 
0.0445 ± 0.022'" 
0.0567 ± 0.029 
0.0589 ± 0.030 
0.0585 ± 0.030 
0.0299 ± 0.015' 
- 0.0029 ~ 0.015 
...{I.O I07 ~ 0.010 
0.0195 ± 0.017 
0.007 1 ± 0.013 
...{I.0201 ±0.018 
*Denotes a statistically significant difference at a=:: 0.05 
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example, at s tage PI, leaf allocation of stressed plants was 29.9% 
as opposed to 22.1 % of control plants . However, the leaf dry 
mass of stressed plants was only 0.7 g as against 2.4 g of control 
plants. Reproductive allocation was significantly reduced only if 
drought s tress was applied early in the reproductive s tage (P2). 
The biomass allocat ion pattern of A. pubescens was not affected 
by drought strcss app lied at the late reproductive stage (P3). 
None of these plants (PI, P2 and P3), harvested directly after an 
8-day recovery period showed any effec t of stress on root alloca-
tion. 
However, at 18 weeks after gennination, rool allocation o f P I, 
Al and 1\2 droughH;tressed plants was significan lly higher than 
that of control plants (Figure 6). This increase in roo t allocation 
in stressed plants was accompanied by a decrease in reproductive 
allocation (Figure 6). 
However, 21 weeks after germination, there were no signifi -
cant differences in biomass allocation between any of the 
stressed and comrol plants (Figure 7). 
Discussion 
Drought stress generally reduces plant growth (Pande & Singh 
1985; Rozijn & van der.Werf 1986; Alcoeer-Ruthling el al. 1989; 
Baruch 1994). The effect of drought stress on the production and 
biomass alloca tion patterns of Anthephora pubescens depends on 
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Figure 5 'lbc biomass al location of plants water slressed a t three 
phenologica l stages (P I : Ycget<'ltiYc stage, P2: in itlat ion of reproduc-
tion, and 1'3: latc reproduc tive stage), with their respective controls 
(PIC. P2C and P3C). 
Treatment 
Biomass allocation PI P2 P3 
Reproductive allocution *** 
Leaf allocation ** *** 
**Diffcrs significan tly (P < 0.05) from control plants 
***Diffcrs highly significant ly (P < 0.0 1) from control plants 
- No signi ficant dj ffercnces 
the phenological s tage whe n stress occurs. Afte r an 8-day post-
stress recovery period, the total dry mass of PI, P2 and P3 plants 
was reduced by 78%, 60% and 35% respectively, relative to their 
controls. !-Iowever. at the end of the growing season. to tal dry 
matter production of stressed plants was not significan tl y lower 
th,m thal of con trol plants. Bus~o & Ric hards (1995) al so found 
that herbage accumu lation. by two tussock grasses in Utah , at the 
end of the season was no t reduced after a single season's drought 
s tress . 
Drought stress durin g the vegetative stage or early reproduc-
tive stage of A. pubescens is the most detrime ntal in terms of the 
plant's short- term production and growth rate . Drought stress did 
not affect the growth rate of plan ts if applied during the late 
reproduc ti ve stage. 
The recovery of A. pllbescens late in the growing season fo l-
lowing earl ier drought stress is possibly because A. pubescens 
displays phenotypic plasticity in its biomass allocation. Leaf 
allocation was stimulated by drough t stress, induced at the vege-
tative stage o r during the onset of reproduction. Inc reased invest-
ment in leaves led to an increased LAR, allowing the plant to 
com pensate for losses caused by drought s tress . For example, the 
increase in dry m atter of control plant s between 18 (Figure 2) 
and 21 weeks (Figure 3) after germination was low (3 g), when 
compared to the increase in dry matter o f s tressed plants. espe-
cially that of P3 plants (21 g). 
An increase in root allocation with an increase in moisture 
stress has been reported by various au thors (Gales 1979). In A. 
pubescens, root allocation showed no immediate reac tion to 
drought s tress . Only at the harves t at 18 weeks was a sign ifican t 
increase in root alloca tion noticeable in some of the treatments. 
According to Turner & Begg (1978), the cell numbers of 
plants exposed to water defici ts are of lhe same general o rder of 
magni tude as control plants , although the cells are of a smaller 
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Figure 6 The biomass allocation, 18 weeks after gcrminat ton. of 
plan ts subjected to different water-stress treatments (C: c{)nt rol, 1'1: 
s tressed at the vegetative stage, P2: stressed at the onset of reproduc-
tio n, P3: s tressed at the late reproductive slage; AI: 2 weeks water 
s tress alternated with 1 j weeks of watering; and /\2: two weeks 
wa ler stress alternated with 2.5 weeks of watering. 
Biomass allocation 
Reproductive allocat ion 
Root al location 
Above-ground allocation 
LSDT. ,,,, (P < 0.05) 
20.4 
11.5 
11.5 
size. Furthermore. plan ts that arc frequen tl y water stressed exhi-
bit more rapid growth when recovering from drought s tress. The 
sensitivity of cell e nlargement to water deficits also results in a 
red uction in the leaf area of a plant. In A. pilhescens, the e longa-
tion of leaves is rdarded duri ng drough t s tress (Moolman 1993; 
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Figu re 7 The biomass allocat ion, 21 weeks after germi nation, of 
plants subjected to different water-stress treatments (C: control, PI: 
stressed at the vegetative stage, P2: stressed at the onset of reproduc-
tion , P3 : stressed at the latc reproductive stage; AI: 2 weeks water 
stress alternated with 1.5 weeks of watering, and A2: 2 weeks waler 
st ress alterna ted with 2.5 weeks of watering 
Biomass allocation LSo,.ukey (P < O. 05) 
Leaf allocation 6.8 
S. M r. J. Bot. , 1996, 62( 1) 
Moolm an el al. 1996), but when the plan ts recover they produce 
thinner leaves, which is demonstrated by the increase in the leaf 
area rat io and specifi c leaf area (Manlman et al. 1996) of espc~ 
da ll y PI plan ts. 
The reproduc tion of A. pubescens is negatively affected by 
drought stress, The dry mass of the reproduc tive st ructures 
decreased hy 93%, 90% and 63% following stress induced at 
stages P I, P2 and P3 respectively. This reduction could be the 
res ult of {he delay in the reproduction phase, as well as the abor~ 
tion of newly famled reproductive ti llers . However. on ly the dry 
mass of the reproductive structures of plants that were subjected 
to altern ati ng drought sIres!> throughout the growing season (AI 
and A2), was still significan tl y less than that of control plants at 
the end of the growing season. The reaction of A. pubescens to 
drought stress differs from that of BOUle/oua scorpiodes as 
Aicoccr-Rulhiing et ai. (19R9) concluded that the reproductive 
dry matter production of H. scorpiodes was not in fluenced by 
drought stress in any of the phenological s tages. 
Conclusions 
Although drought stress caused a signifi cant reduction in dry 
mattcr production in the short term, stressed plants apparenlly 
have the ability to compensate for this loss over thc entire growth 
season. In general, it can be concluded that A. pubescens is more 
vu lnerable to drought-s tress conditions in its vegetative stage, 
and to a lesser degree at the onset of reproduction. Although 
drought stress negatively affects the production of A. pubescens 
in the short tenn, only the reproductive dry ma tter produc tion of 
plants that were stressed throughout the growing season was per-
manently hanned. This suggests that A. pubescens should not be 
used as summer-grazing pastu res in areas wh ich are subjected to 
drought stress in Ihe growing season. However. A. pubescens can 
be utili sed as fo rage in winter, as the effect of drought stress on 
produc tion is negligable. 
Acknowledgements 
The first author was employed at the Range and Forage Insti tu te 
whi le doing Ih is research. Sincere thanks are owed to M s M . 
Smith for the statistical analyses of some of the data sets . 
References 
ALCOCER·RUTHLlNG, M., ROI3I3ERECHT, R. & THILL, D.C. 1989. 
The response of Bouteloua scorpiodes to water stress at two pheno-
logical stages. Bot. Gaz. 150: 454--461. 
BARBOUR, M.G. , I3URK, J.H. & PITTS, W.D. 1980. Terrestrial plant 
ecology, 2nd edn. Benjamin/Cummings , California. 
BARUCH , Z. 1994. Responses 10 drought and flooding in tropical fo r-
age grasses. 1, Biomass allocation. leaf growt h and mineral nutrients. 
PI. Soil 164: 87-96. 
BAZZAZ, FA. & REEKIE. E.G. 1985. The meaning and measurement 
of reproductive effort in plants. In : Studies in plant demography: A 
Festschrift for John L. Harper, ed. 1. White, pp. 373-387. Academic 
Press . Londo n. 
DEGG , lE. & TURNER, N.C. 1976. Crop water deficits. Adv. Agron. 
28: 16 1-217. 
I3USSO, e.A. & RICHARDS , J.B. 1995. Drought and clipping effects 
on tiller demography and growth of two tu ssock grasses in Utah. 1. 
arid Envlr. 29: 239-251. 
45 
CAUSTON. D.R. & VENUS , J.e. 1981. Thl~ biometry of plant growth. 
Edward Arnold. London. 
COOMBS, J., HALL, D.O., LONG , S.P. & SCHURLOCK, J.M.O. 
1985. Techni ques in bioproductivity and photosynthesis. 2nd edn . Per-
gamon Press, Oxford. 
DANN HAUSER , C.S. 1991. Die bestuur van aangeplantc weiding in die 
somerreenvalde!e. Review Drukkers. Pictersburg. 
DONALDSON, C.H. , KELK, D.M. & WEST, K.N. 1972. A"rhephora 
pubescetls Nees. Proc. GrassJd Soc. Srh. Afr. 7: 112-116. 
DU PISANI. L.G., VAN RENSBURG, W.LJ. & OPPERM AN, D.PJ . 
1986. Influence of soil pH and fertilization on the dry matter produc-
tion. chemical composition and digestibility of perennial grasses: I 
Amhcphora pubescens Nees. 1. Grassl. Soc. Srh. Afr. 3: 52-55. 
FENNER. M. 1985. Seed ecology. Chapman & Hall, London. 
FOUR IE, J. H., DU PISA NI, LG. & DAARD, MA 1984. The produe· 
tion, digestibility and chemical composition of five ecotypes of Arrrhe-
phora pubescens Nees on three soil types. 1. Grassl. Soc. 5th. Afr. 1; 
9-12. 
FOURIE, J.H., DU PISANI. L G. & DONALDSON, c.H. 1987. FCltj· 
lizer requi rements and production of Anrhephora pubes celis Nces on a 
soil of the Mangano series in the Northern Cape. 1. Grassl. Soc. 5th. 
Afr. 4: 109·112. 
GALES, K. 1979. Effects of water supply on partitioning of dry matter 
between roots and shoot in Lolium perennc. 1. appl. Ecol. 16: 863-
877. 
GRAVEN, E.H. 1968. The management of pot experiments for fertility 
studies wi th pasture crops. Proc. Grassld Soc. Srh. Afr. 3: 121-125. 
GROSS , K.L , BERNER , T., MARSCHALL, E. & TOMCKO, c. 1983. 
Patterns of resource allocation among five herbaceous perennials. 
Bull. Torrey Bot. Club 110: 345-352. 
HARPER, J.L & OGDEN. J. 1970. The reproductive strategy of hig hcr 
plants. (I) The concept of strategy wit h special reference to Senecio 
vulgaris L. 1. EcoJ. 58: 68 1-698. 
HUNT, R. 1982. PLant growth curves . The functional approach to pLant 
growth analysis. Edward Arnold, Lond on. 
HUNT, R. 1990. Basic growth analysis. Unwin Hyman. London. 
KVET, J., ONDOK, J.P., NECAS, J. & JARVIS, P.G. 1971. Methods of 
growth analysis. In : Plant photosynthetic production. Manual of meth-
ods, eds. 1. Sestak. J. Catsky & P.G. Jarvis. pp. 343-3R5. Ju nk , The 
Hague. 
MOOLMAN. A.e. 1993. Die invloed van vogstremming op die groei en 
ontwikkcling van Amhephora pubescens Nees. MSc. thesis. Univer-
sity of Pretoria. Pretoria. 
MOOLMAN, A.C., VAN ROOYEN, N. & VAN ROOYEN , M.W. 1996. 
The influence of water stress on the morphology of Anthephora 
pubesce,u Nees. S. Afr. 1. Bor. 62: 36-40. 
PANDE, H. & SINGH, lS. 1985. Influence of clipping and water st ress 
on growth perfonnance and nutrient value of four range grasses. Pmc. 
Indian Acad. Sci (PI. Sci.) 95: 389-403. 
REEKIE, E.G. & BAZZAZ, FA. 1987. Reproductive effort in plants. 3. 
Effect of reproduct io n on vegetative activity. Am. Nat. 129: 907- 917 
ROZUN, N.A.M.G. & VAN DER WERF, D.C. 1986. Effect of drought 
during different stages in the life-cycle on the growth and biomass 
allocation of two A ira species. 1. Ecol. 74: 507-523. 
SIELING, K. , CHRISTEN, O. RICHTERHARDER , H. & HANUS , H. 
1994. Effects of temporary water st ress after anthesis on grai n yield 
and yield components in different tille r categories of two spri ng wheat 
varieties. 1. Agron. Crop Sci. 173: 32-40. 
SOKAL. R.R. & ROID...P, P.1. 1982. Biometry. Freeman, San Francisco. 
TURNER. N.e. & BEGG. J.E. 1978. Responses of pasture plants to 
waler deficits. In: Plant relations in pastures, ed. lR. Wilson. pp. 50-
66. CS IRO, Melbourne Australia. 
